(12) INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) Worid Intellectual Property Organizatioa 
International Bureau 

(43) lotematloDal Poblieation Date 
9 October 2003 (0940 J0Q3) 



PCT 


(10) Intematloiial Publication Number 

WO 03/082152 Al 


(51) loternational Patent Ciaaslfication^: A6IF2/06 

(21) latcmatkNUil Application Number: PCTAJSQ3A»431 

(22) ialemational Filing Date: 18 Mardi 2003 (18jQ3 2003) 

(25) Filii^Laiigaage: English 

(26) Publicatioa Language: English 

(30) Priority Data: 

l(yi08,778 26 Match 2002 (26i»20Q2) US 

(71) Applicaat: THORATEC CORPORAHON [USAJS]; 
tiQlSStoneridge Drive. Pteaaantmi, CA 94S88 (US). 

(72) Invcnton: HOLLOWAY, Ken, A.; 1779 Lanrelgrove 
Lane, Tracy, CA 95376 (US). CHRISTOPOROU, 
Christofer, T.; 4240 Katie Lane, Pleasanton^ CA 94588 
(US). 


(81) Designated States (national): AE, AO. AL. AM, AT, AU, 
A2; BA, BE, BO, BR, BY, BZ. CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, C3B, OD, OB, OH, 
CM, HR, HU, ID, IL, IN, IS, JP, KB. KO, KP. KR. KZ, LC, 
LK. LR, LS, LT, LU, LV, MA, MD, MO, MK, MN, MW, 
MX, MZ, NO, NZ, (H^ PH. PL. FT. RO, RU, SC. SD, SB, 
SO, SK, SL, TJ, TM, TN. TR, TT, TZ, UA. UG, UZ. VC, 
VN.YU,ZA,ZM,ZW. 

(84) Designated States (rtgiona!)i ARIFO patent (OH, GM, 
KB. LS, MW. MS^^SO^ SL, SZ, TZ. UO. ZM. ZWX 
Eomsian patent (AM, AZ, BY, KO, KZ. MD. RIJ. Tl. TM), 
European patent (AT, BB, BO, CH. CY, CZ, ra, DK. EE, 
ES, n, FR, OB, <Ht. HU, IE, IT, LU. MC, NL. FT, RO. 
SB, SI, SK, TRX OAPI patent (BF, BJ. CP, CO. d. CM, 
OA, <»l, OQ, OW. ML. MR. NE. SN, ID, TO). 

Published: 

— with international search r^fort 

— bffore the expiration cf the time limit for amending the 
claims and to be rqmhlished in <Ae event of receipt of 
aamndments 


(74) Agents: WININGER, Aaron et al.; Sqnhe. Sanders & 
Dempsey LLP., 600 Hansen Why, Alto, CA 94304- 
1043 (US). 


For two4etter codes and other €dfbreviations,re^ to the ''Guid- 
ance Notes on Codes andAhbrevlatiotts''{;qjpearing at the begin- 
ning tif each regular issue €f the PCT Gautte. 


(54) TMe: FLEXIBLB STENT AND METHOD OF MAKINO HIE SAME 


to 
n 

00 

o 


12 13 '2 12 f : 

M / / / i 


10 


3 
12 


s 


(57) Abstract: A stent (10) that can be made of self-expandable members (14) and balloon expandable members (16) Is described. 
The members can be held together by a polymer layer, polymer rings or discreet polymer connectois (13. 48, 58, 68). Methods of 
nuddog and nsi^g the stent are also desdfibed. 
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FLEXIBLE STENT 
AND METHOD OF MAKING THE SAME 

TECHNICAL FIELD 

S Tliis inventioD relates to eiqMmdable inbralumenal ptosUieses, commonly 

kDowo as stents. 

BACKGROUND OF THE INVENTION 

^^^^ •S^^ stents can be giroi^ed 

10 based on their meifaod of dq>loymeQt: balloon expandable or self-esqmndable. 
Nomally a balloon esqaandable stent is radially compressed onto a non-oompliant 
baQoon. The baUoonesqMndable stent has a hig^ radial streng^ 

the compPBssed state. Whm the balloon is inflated, the 
stent radially expands and maintains its ahqpe after the deflation of the balloon. 

IS . BaUoon expandable stents are advantageous because they can be easU 

for use in locations of curvature or i^dicK side to Balloon 
expandable stents can also produce a higher radial force than self-^qpandable 
stents during dqployment due to the physician* s ability to control the pressure 
qjplied to the dilalating balloon. Tailoring the applied radial force during 

20 deployment can aid vascular remodeling of a hardened adierosclerotic vessel 

Self-expanding stents are *'shq)e sef to &e sh^ domed once deployed 
in Iho vessel. They are then compressed and constrained into a delivery shape, 
usually by a concentric sleeve containing the stent The stent is tlien delivered to 
die desired location and the sleeve is removed. Upon removal ofthesleeve^ the 

25 stent returns to its "^shfqpe sef shape. 
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In U.S. Patent Nos. 5,855^97 and 6,162,245, Jayaraman teaches a stent 
ynfb. self-expanding ends and a balloon-expanding middle. The stent can be 
attached extemally or internally to a polyester &bric or extruded 
polytetrafloinoethylene (FLVE) graft The stent can also be extruded such that the 
S stmt and extruded tubes are jointly extruded together^ The stent can be the middle 
If^ of an extruded tiibe. FtDrdier,thestentniayQrniaynotbewdded tQ^11^ 
The stent can be placed at equal distances to each other on the sut&ce of Ifae graft 
and tiben attached to the graft by any suitable mechanimi sudi as sutures or 
adhenves. 

10 In U.S. Patent No. 6,168,621, Vrba teaches a stmt with a self-eiqpandhig 

part at each end of a balloon es^anding part The self-«3q>anding part is made 
from a shape memory metal, such as nitinol, so as to enable self-expansion at 
body ten^ierature i^n release of the stent from its delivery caAfito:. 

In U.S. Patent No. 6^15,708, Salmon et at teach a stmt ynAi self- 

15 esqiaiodable sections at both ends of a baUoon^q^^^ The stent can 

be formed fiom nitinol by having diffarent heat treatments for flie central, balloon- 
expimdable section as compared to the end, self-e:q)andablesec4i^ Thestent 
could also be formed by having stainless steel for the CCTtral section of tiie stent 
and welding on nitinol end sections. 

20 Regardless of the type of stent used, vascular plaque (e.g., ailim>sclen)tic 

plaque) can be dislodged fiom tiie vessel wall during stent placement The 
thrombi can form emboli that occlude vessels, leading to severe trauma such as 
strokes. Accordingly, it is desired to produce a strat that niinimizes the risk of 
emboli production and that can csqpture thrombi. 
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During miniinally invasive percutaneous deployment pioceduxes^ stents 
aie often guided tiirough tortuously curved and complex vasc^^ Thefiboal 
location of fhe stent can also be along a Imgth of vessel that curves sharply. 
Accordingly, a stent having a flexible body wiuch can contort to the curvature of a 
S vasculature is needed. 

STO^IMARY OF THE INVENTION 

In accordance vdlfa one aspect of Ifae embodiments of the hfvtotix^ a stent 
for biological lumen placement is i^ovided The stent can include a fixstnoiaDiber 

10 having a proximal section, a second member having a distal section, and a 
connector joining the proximal section of the first member to tiie distal section of 
tibbc second member. The connector can be made fix>m a material comprising a 
polymer. Hie connector can also flexibly join flie first member to tbe second 
member. Ihe first member can be self-«xpandable arid flie second menibe^ 

IS cq)able of e2q;)anding with flie i^lication of an external force. 

In one embodiment of the present invoticm, tibe first member and the 
second member can have a diamond shape and can be positioned next to each 
other along a longitudinal axis of the stent In another embodiment; the first 
membo: and flie second member can have zig-zag-shaped annular bands. Iha 

20 fartbet embodiment of the present invention, tibe connector can have a ring-shq>ed 
stnicture connected to flie first rnember at a first end of flie riiig'-shaped stn 
and to the second member at a second mdofthe ring-shaped structure. In yet 
another embodiment, the connector can be defined by a plurality of j oint elements 
such that a comer of tiie first member is connected to an adj acent comer of tibie 
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second member by one of the joint elmiCTtSy and the joint elements can have a 
generally box-shaped structure. 

In accordance with anotha aspect of the embodiments of tihe present 
mvention, an implantable prosthesis provided The pros&esis can include a 
S polymeric layer cmitaining a self-eoqpandable first ring member and a second ring 
memiber that can be expanded wifli the appUcalion of an o Thefirst 
ring member can be positioned at a distance away fiom tibie second ring member. 

hi one embodiment of the present invention, flie first ring fncmher can be 
positioned at a first end of die iHX>sthesis» the second riiig me^ 
10 ppsitipned between the first end and a second end of file pro^^ Inone 
enibodunmt a self-«3q)andable fiurd ring mm^ 

at file second end of the prosthesis. In another embodiment, file polyniericlaya: 
hasavoid-tD-volumerafiooflessthanaboutSK. M yet anofiier embodiment, fiie 
prosthesis has a luminal layer having a void-to-volume ratio of about 40% to 

IS about 90% disposed on file inner surfiK^eofthepolymmc layoff Liafinfiier 
embodiment, file prosfiiesis has an outer layer having a voidrto-vohime ratio of 
about 40% to about 90% disposed on the outer surbce of the polymeric layer. 

In accordance wifii another aspect of file mbodiments of the present 
invention, a method for manuficturing a stent is provided. Themefiiodof 

20 m mwifarfifring can include forming a band made at least in-part fit>m polymer on 
a mandrel, positioning an end of a first member on a first end of fixe band, 
positioning an end of a second member on a second end of fiie band, and 
increasing the tfiickness of fiie band to encapsulate fiie ends of the first and second 
members. This method of manu&cturing can flexibly connect the first member to 

25 the second member. 
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SUMMARY OF THE FIGURES 
Figure 1 iUustiBtes a side view of one embodimmt of ^ 
Figuies 2a-2c illustrate various embodiments of tbe stent with the self-expandable 
S rings e)qpanded and the balloon esqumdable rings conqnessed 

Figures 3a-3c illustrate embodimrats of cross section 3-3 of Figure L 
Figure 4 illustrates a persipective view of an elongated structural ring from an 
embodiment of the stenL 

Figure 5 illustrates a perspective view of anotiber embodiment of the stent 
10 ngure6illustTatesarideviewofanembodiinentof ane3q[>andables^ 
fiom Figure S« 

Figures 7a and 7b illustrate pospective and fixmt views, respectively, of a polymer 
ring fixmi an onbodiment of die stent 

Figure 8 iUustrates a perspective view of anotber embodiment of llie sten^ 
IS Figure 9 iUustrates a perspective view of orieenibodiment of a polym 
fiom Figure 8. 

Figures lOa-lOc illustrate a method of nuinufiBbcturing an mibodiment of the stent 
on a mandrel. 

Figures lla-1 Ic illustrate a method ofusing an embodiment of tfie stent 

20 

DETAILED DESCRIPTION 
APPARATUS 

EMBODIMENT WITH POLYVPaR LAYER 

Figure 1 illustrates an embodiment of a stent 10 that can have individual, 
25 disconnected structural rings 12 fl^bly connected to one anotiier by a polymer 
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layer 13. The stnictuial rings 12 can be a coinbixuition of balloon expandable 
structural rings 1 2 and self-expandable structural rings 1 2 or can all be the same 
type of structural ring 12 (Le., all balloon e}q[>andable or all self-e3q>andable). The 
stent 1 0 can have a length of about 0,5 cm (0.2 in.) to about 30 on (10 in.), for 
S exanq>leabout3cm(l in.). 

Figures 2a-2c show three separate embodiments of the stent 1 0 iwifh tiie 
self-expandable structural rings 12 ejqp^^ 

structural rings 12 collapsed. TlieeaibodimmtittustratBdm Figure 2a can hara 
self-expandable structural riiigs 12 at end sections 14 and balloon expandable 

10 structural rings 12 ma middle section 16. Durmgdeploymoit^lfaisembodunent 
can create an isolated space between the stent 10 and Ifae w^ 
order to capture thrombi tfiat can be dislodged durxQgtiiei^^ Thenmnbo: 
of flie structurd rings 12 can vary fiom d)OUt 1 to about 10 per ceot^^ 
length of the start 1 0, more narrowly fixim about 2 to about 5 per centimeter of 

15 leaogOioflhe stent 10. Any combination of numbcss of ^ self-€3qpandd)lea^ 
the balloon expandable structural rings 1 2 can, however, be used, for exanq>le five 
balloon expandable structural rings 1 2 in the middle section 1 6 and one self- 
expandd>le structural ring 12 at each end section 14. 

Figure 2b illustrates an embodiment that can have balloon expandable 

20 structural rmgs 12 at the ^ sections 1 4 and self-^cpandable structural rings 12 in 
tiie middle section 16. During deployment, the radial force exerted by tiie balloon 
expandable structural rings 12 can be more easily controlled than fhat of flie self- 
expandable structural rings 12. The end sections 14 can securely anchor to 
vessel wall while tbe middle section 16 allows for sufiSdent contact or pressure 


6 


wo 03/082152 


PCTAJS03/08431 


against tiie vessel wall so as to miniinize stress and potential damage to the vessel 
wall as compared to the end sections 14. 

Figure 2c illustrates an embodimmt tiiat can have self-e3q>andable end 
sections 1 4 and a self-«3q>andable structural ring or rings 1 2 m or near fte middle 
5 of the stent 10 with the remainder of ^ structural rings 12 being balloon 
eaq)andable. Thestent 10 can create a pair of spaced re^onsbetwemft^ 
and the vessel wall during dcploym&oL 

The polymer layer 13 can define a Imnm 18 and can ba made of a sin^e 
layer 20 surroundiiig the structural rings 12 (Figure 3a) or an iimer si^ 
10 flfid fttt fflrter mAvlftyer 24 smroupding the structural rings 12 (Figure 3b). A 
iMdmess 26 of the siiigle layer 20 or a conibined tUdc^^ 
lay^ 22 and ttie outea: sub-layer 24 can be about 1 0 microns ^.4 mils) to about 
200 mioons (8 mils), more narrowly of about SO microns ^.0 mils) to abotit 75 
mioons (3.0 mils). 

IS ihepolymerlayer 13cansa:vetoholdtfiestnictutalringsl2. The 

polymer layer 13 can cornpiess inliinal tears agidnst the inri^ 
prevent occlusion of the vessel and can help trap tfirombi between flie stent 10 and 
the wall of the vessel. The polymer kyer 13 further increases tiie flexibility^ of tiie 
straot 10 — particularly as conq>ared to rigid stents having structural rings 12 

20 connected by stiff interconnecting members or wdds — to aid deployment in 
curved vessels and reduce the mechanical stress applied to the structural rings 12 
by the radial expansion of the stent 10. The polymer layer 13 can also provide 
better biocompatibility than a bare stent Further, the polymer layer 13 can reduce 
unnatural blood flow around ttie stent 10. The polymer layer 13 can also act as an 

25 anchor for intimal growth and a matrix for drug delivery. 
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The polymer layer 13 can be made fix)m any polymeric material incli^ 
non-porous polyuretibanes, porous polyuretfaanes (e.g., Thoralon®, available from 
Thoratec Corporation in Pleasanton, C A), PTFE, expanded FIFE (ePTFE), 
polyethylene tetraphthalate (PET), alphitic polyoxaest^, polylactides, 

S polycqxrolactonesyandhydrogels. *%ydrogel^ is intended to include a cross- 
linked polymer, via coval^ ionic, or hydrogen bondiiig, to fonn a three- 
diniensional open lattice structure ¥duch is ciQiable of entn^ping ¥^ater molecules 
lofonnageL Exan^lesofhydrogelsmdudenoiHpe^^ 
anionic liydrogels (e.g., alginate or canigeenan) and "soUd" h 

10 agarose or polyettryieM oxide). 

The polymer layer 13 can be substantially or completely non-porous. The 
polymer layer 13 can also have a void-to-volume ratio of less tiban about 5%, 
more narrowly less than about 19i. '^oid-to-volumenitio'* is defined as the 
volume of the pores divided by the total volume of the layer including tiie volume 

IS of tiie pores. Void-to-volume ntfio can be measured i;sing^ protocol describe 
m AAMI (Assodation for the Advanccanent of Medical lastrummtation) VP20- 
1994, Cardiovascular Implants - Vascular Prosthesis section 8.2.1.2, Method for 
Gravimetdc Detennination of Poro^ty. 

Figure 3c illustrates an embodiment of the stent 10 having aporous outer 

20 layer 30 on the outer or tissue-contacting side of the polymer layer 13, the 

polymer layer 13, and a porous lumenal layer 32 on the lumen-side of the polymer 
layer 13. The porous outer layer 30 can be made of any suitable porous 
biocompatible material, either bioabsorbable 0.6., biodegradable) or tnostable 0.e., 
non-biodegradable) in nature. Representative examples of materials that can be 
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used for the porous outer layer 30 include those materials lhat can be used for the 
polymer layer 13. 

Thenq>eutic substances can also be coated onto or contained within the 
porous outer layer 30 for sustained release subsequent to flie implantation 
5 piocedure. IndmalcdlinrgrowtticanalsobefiBciUtaledby^ 

30. The porous outer layer 30 also pn)vides the stent 10 witfi a hibrido 
that deci»ases adheacm of the material of tfie porous o^ 
ooUqised and reduces the degree of fiiction between flie 
device. 

10 The porous outer li^ 30 can have a tfaidmess of about 10 ndcrons (0.4 

mils) to about SO microns (2 mils), moie narrowly of about 20 microns (0.8 mils) 
to about 30 microns (1 mil). Ilie porous outer kyer can have a voicl-4o-volume 
fiom iobout 40% to about 90%, moro narrowly fiom about 70% to about 80%, fin: 
exany>le about 76%, and an average poro diameter from about 1 micron (0.04 mils) 

IS to Bb6al 400 muaxms (20 mils), moro narrowly fiom about 1 micron (0.04 mils) to 
about 7S miiTODS (3.0 mils), including ^bt range of about 1 micron (0.04 mils) to 
about 38 miorons (1.S mils). 

The porous lumeual layer 32 can be made of any suitable porous 
biocompatible material, either bioabsorbable or biostable in nature. Examples of 

20 approp riate ^<i*ftriftlg can be tbe same as ttiose mHtcrials that can be used for the 
polym^ layer 13. The porous lumenai layer 32 can also be used for therapeutic 
substance delivery by being coated with flimeqpeutic substances or having 
therapeutic subistances embedded in the matrix. 

The porous lumenai layer 32 can have a ^ckness of about 10 microns (0.4 

2S mils) to about SO microns mils), more narroi^y of about 20 miooos (0.8 mils) 
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to about 30 microns (1 mil). The porous lumenal layer 32 can have a void-to- 
volume iGrom about 40% to about 90%, more narrowly from about 65% to about 
80%, for example about 72%, and an average pore diameter fiom about 1 micron 
(0.04 mils) to about 400 microns (20 mils), more narrowly fiom about 1 micron 

S (0.04 mils) to about 75 mioxms Q .0 mils), including the range of about 1 mioon 
(0.04 mils) to about 38 microns (1.5 mils). 

Figure 4 illustrates an CTiibodimrat of a zig-zag-diq^ 
baUoon expandable stnictural ring 12 that has been Gi^ 
fin: illustrative daxity. Tlie structural rixig 12 can have a stnictural ring b^ 

10 fiom about 0.005 mm (0.0002 in.) to about 1 mm (0.04 iil), finr exanqde about 
0.15 mm (0.0059 in.). The structural ring 12 can have a structural riiig width 36 
fiom about 0.05 mm (0.002 in.) to about 1 mm (0.04 in.), fixr ezanqple about 0.15 
mm (0.0059 in.). The structural ring 12 can have a structural ring d^^ 
about 1 mm (0.4 in.) to about 10 mm (4 ia), more narro^y about 2.5 mm (0.098 

15 in.) to about 5 mm (0.2 ia). The structural ring 12 can have a number of crowns 
40 (e.g. , sharp turns) fit>m about tiiree to about ten, for example about five to 
aboutseven. The structural ring 12 can also have a crown inner radius 42 fitim 
about 0.05 min (0.002 Iil) to about 1 mm (0.04 m.), for example 0.2 mm (0.008 
irt). 

20 '^alloon-esqpandable'' structural rings 12 can be defined as fiie structural 

rings 12 tiiat can only esqmnd from a coll£q)sed position to their designed deployed 
dimension with the application ofan external force. The balloon expandable 
stnicturd rings 12 can provide sufiBdent structural support 
vascular patency )9dien the stent 10 is deployed. Representative materials that can 

25 be used for balloon esqMUidable structural rings 12 include metals, for example 

10 
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titamum-nickel alloys (e.g., nhmolX tantalum alloys, cobalt chrome alloys (e.g., 
EQigiloy), platinum/tungsten alloys, stainless steels and combinations thereof, and 
polymers. BaUoon expandable stnicturaliings 12 williint^ 
made from different materials. 
5 '^If-«q)andable'* structural rings 1 2 can be defined as any structural rings 

12 tibat do not qualify as banoon expandd)le structural ri^ The structure and 
dimensions of the self^gqpandable structural rings 12 can be tiie same as the 
structure and Hmftnaiftng of die balloon expandable structural lihigs 12 descadb^ 
above and illustrated in Figure 4. Self-e3q[>andable structural rings 12 should be 

10 able to inovide suffident structural sqiport to maintain vascular patmcy and 
andior the stent 10 against die vessd so as to seal the ^>ace be^^ 
expandable structural rings 12 and intima in order to tnpthrombL Materials diat 
can be used for self-«qpandd>le structural ring? Ucanbetfae sameasdiose 
described above for baUoon expandable structural rings 12. Self-^qpandable 

IS structural rings 12 wrOiin the same stent 10 can be inade from dififermti^^ 

Four diaracteristics of tfie structund rings 12 include: (1) the yield stress of 
die; material used; ^) die modulus of elasticity of the matmal used; (3) the desired 
conqxresseddiamet^ and(4) the desired expended diameter. These 
characteristics can be detenninativeof\vfaedier die structural rings 12 are balloon 

20 equmdable or self-expandable. Since diese four charactmstics are interrelated, 
analyzing any single characteristic is most clearly done viben the other diree 
characteristics are held constant For example, compared iwitfa the self-expandable 
stnictural rings 12, die baUoon expandable structural riiigs 12 can bav 
yield stresses ^^lile holding modidi of elasticity, the desired coixQ)ressed diameters, 

25 and the desired e9q)anded diameters constant Conq)aredtotheself-e3q)andable 
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Structural rings 1 2, the balloon expandable structural rings 1 2 can have smaller 
moduli of elasticity while holding the other tiiree characteristics constant 
Likewise, the analysis follows that as compared to self-expandable structural rings 
12, baUoon «q;)andable structural rings 12 can have s^ 
S vdule holding the otbec three characteristics constant, and larg» expmisd 
diameters vAUc holding fhe other three characteristics constant 

EMBODIMENT WITH POLYMHR RINGS 

FiguieSiUustxatesano&erembodim^oftfiestmtlO. The stent 10 can 
10 hove expandable stnictural rings 12 nuulefixnnm 

illustrated in Figure 6. The struts 44 can be joined by connecting points 46. The 
5^fyniKyting pninte 46 can he a bridge of the material adhestves> or welds, between 
the8truts44. The structural rings 12 can be made fnima^^ 
44 and can be held to one anotiier by polymer rings 48 . 
IS The structural rings 1 2 can be balloon eqwndable or adf-c xp andahle. The 

structural rings 12 can have about 4 to about 25 struts porrmg, for exanq>le about 
5 stmts per ring. Tbe function and materials for tibestructurd rings ninths 
enibodunent can be the sanie as the fonction and materials fOT 
12 in the embodiment with the polymer layer 13 described above. 
20 Figures 7a and 7b iUustrale an embodiment oftfiepolynier rings 48. The 

polym^ rings 48 can be cmnnnfinentiaUy continuous an^ 
sockets 56 where the structural rmgs 12 can attadi to the polymer r^ The 
mounting sockets 56 can be lined with an elastic material and/or a material with a 
higher coefficient of fiiction than die material of tiie polymer rings 48 in order to 
25 help giq> tfie structural rings 12. The number of mounting sockets 56 per polymer 

12 
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ring 48 can be fhe same as Ihe number of Stmts 44 pa The 
mounting sodcets 56 should not uxteifeie with die structural integrity of Ae 
polymer ring 48. 

In aielaxed state, the polymer rings 48 can have a ring length 54 from 
5 about 0.5 mm (0.02 m.) to about 1 cm (0.4 m.), more narrowly from about 1 mm 
(0.04 in.) to about 3 mm (0.1 in.). Tte polymo: rings can have aring fiiickness 56 
fiom about 10 microns (0.4 mils) to about 200 miorons (8 mils), more nanowly 
£xmi about 20 microns (0.8 mils) to dx>ut 30 miGn}ns(l m]]).:.v;^i^/r 

The polymer rings 48 can serve to provide flexibiUty to the stffltl^^ 
10 polymer rings 48 can dso be made fioim the sm 

13 desoribed above. Thepolymerrings48 widimaanglestait lO cahh^ 

differait dimensions and different materials to vary ^ 

oflfaestmtlO. 

15 EMBODIMENT WITH CONNECTIONS 

Figure 8 illustrates yet anoflier enibodimeiit of tiie inventive 
haviog coimections between tte structural riiigs 12. The connections can be 
discreet polymer connectors 58, iricludingflie block-shaped connector iltustcated 
in Figure 9 . Each end of the disoreet polymer connectors 5 8 can have any number 

20 of Ttiniiniing sockets 56» for exanq>le about one, for connecting adjacent struts 44 
ofttie stent 10. 

The polymer coimectors 5 8 can have a connector length 60 firom about 0.5 
mm (0.02 in.) to about 10 mm (0.4 in.), for emxxple about 2 mm (0.08 in.). The 
polymer connector 58 can have a connector width 62 ranging fiom about 0.5 mm 
25 (0-tt?- in ) to ahniit 1 Q mm (0.4 in.), for example about 2 mm (0,08 in.). The 

13 
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polymCT coimector 58 can have a coimector dqitfa 64 lai]^ 
(0.0002 in.) to about 1 mm (0.04 in.). 

The polymer connectors 58 can serve to provide flexibility to die stent 10. 
The polymer connectors 58 can also be made firom any material described above 
5 for tiie polymer layer 13. The polymer connectors 58 ofa single stent 10 can have 
different dimcasions and can be made fixwn difBeatent m a t e ri a ls to vary flie 
flexibiUty along the length and along the angular position of the stent 1 0. 

MBIHOD OF MANUFACTURE 

10 STRUCTilRAL RINGS 

The stnictuid rings 12 can be selected fiK>m Oose 
* 4wrir^ He r ii^wwfag toe^ l^y cMtting, forcatanyle by laser drillings from a solid tube 
or flat plate of a desired material Ifthestractural ring 12 is cut from a flat plate, 
tibe cut piece can dien be wraiq)ed around a cylindrical mandrel and the ends of 

15 teqit piece can be joined by any conventional mediod such as heat 

piessure welding, or attaching witfi an adhesive. ThestructurBlringl2canflien 
be etched by any method Imown to oiie having ordinary sIdU in the ai^ The 
etchmg can be perfinmed to remove a britde oxide layer on the sur&ce of tiie 
structural ring 12. 

20 The expanded shq>e of the self-expandable structural rings 12 can be pee- 

srt in an annealing process. The self-expandable structural rings 12 can be 
mounted on a mandrel ffiF^^il<«ting desired final shape of the self-€aq)andable 
structural rings 12. The self-e^qpandable structural rings 12 can then be heated for 
a time and at a temperature to increase grain size and then cooled to recrystalize 

25 flie material oftheself-«3q)azidable structural rings 12 in a desfa^ The 
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mechaoical propoties of ttie self-expandable structuial rings 12, including 
modulus of elasticity and plateau stress, can vary based on the heat treating time 
and temperature. The material and dimensions can also be detenninative of 
annealing time and temperature. For example, a mtinol stent on a res h i ying 

S mandrel 

can be heat treated at about 460*'Cfiir about IS minutes. Ardtinolstent 

on a reshq)ing mandrel can, however, also be heat treated at about 460 C for 

about 5 !i!iT«ntftg^ thus producing dififerant mechanical diaractaistics for fbo sdf*- 
e3q;>andable structural rings 1 2, including a hi^ber modulus of elasticity and 
plateau stress, than the self-opandable structural rings 1 2 heated for about 1 S 
10 minutes. AntieaHng times and temperatures for different materials and flic 
production of dififiaeot dbaracteristics are Imown to one havh^ 
the art 

STENT WITH POLYMER LAYBRf 

15 To manuftcture an embodiment of Ifae stent 10 having the polymer layer 

13, an in^ (e.g., gjass) mandrel can be immosed or sprayed with a coinposition 
to formthe polymer layer 13. The mandrel can be, for 6xanq;>le, about 6 mm (0.2 
in.) in diameter and can be cleaned with isopropyl alcohol. First the composition 
can be prqnred by dissolving flie polymer in a solvent by any conventional 

20 method. Any suitable solvit can be used including alcohols, aromatic 

hydrocarbons, dunetiiylacetamide(DMAC), and the like. Depending on the 
{qyplication method, the polymer can conqprise greater than 0% to below about 
100% by weight of flie total weight of tbe composition. The specific amount 
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dq)ends on a variety of fiictors, including tibe type of polymer used and the 
viscosity desired. Using Thoralon® as the polymer and DMAC as iht solvent, the 
polymer can comprise about 5% to about 40% by vmg^ of the total weight of the 
composition . Tbie polymer can be less than about S% by weight for some spmy 
5 application procedures. In one embodiment ^diere the mandrel is intmiersed in the 
composition, die polymer can be about 24% by weig^ of flie total wdg^ of llie 
composition. 

In one oobodimen^ the mandrd can be immecsed in du^ 
speed of about 70 cmAnin (30 inymin) diroug^ a die O^iaving, for exan^>le, a 

10 diameter ofabout 6.76 mm (0.266 in.). The solvent can then be removed or 

aUowcd to evaporate to fonn a film layer oftiie polymer on the mandrel Thestep 
of removing the solvent need not be taken to completion so as to provide a 
polymer layer with a semi-solid suifiu:6. Hie semi-solid sur&ce can provide a 
better adhesive tie between multiple coating appUcatioiis \^di, in ess^^ 

IS eliminates a distinct seam between the multiple layers. Conversdy, taking tiie 
solvent removal to CQnq)letion can create a seam, creating the inner sub-layer 22 
and the outer sub-layer 24 (see Figure 3b). Evaporation oftihe solvent can be 
induced by application of heat treatment for about S minutes to about 24 hours in 

an oven having a tenq)erature of about 25*" C to about SO"" C. In one exemplary 

20 embodiment, evq>oration can be induced at about 60"* C for about 60 minutes, a^ 

at ambient pressure. Alternatively, vacuum conditions can be employed 

Following the fomiation of a first coat of the polymer layer 13, the 
structural rings 12 can be placed on the mandrel and securely positioned on the 
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fiistcoat The composMon can then be appUed again to cover the ^ 
12. In one embodiment, ibis second q>plication of ttie composition can be 
peifonned by immersing tibe mandrel in the con^msition at a speed of about 70 
cm/min (30 inymin) through a die (having, for example, a diameter of about 7«24 
S mm (028S iil)). Subsequent to the application oftiie second coat of the 
con4X)sition, die solvent can be iCTOved or aUowed to ev^^ 
polynier layer 13 that e&cq)sulates the stractu^ 

POROUS LUMEKAL LAYER 
10 Li embodiments ^rath the pcmaisl^^ 

immersed in a composition or, alternatively, the mandrel can be sprayed %vitli the 

composition for £nming the porous luniei^ The composition can 

constitule at least one of the afiHemeolioned polynia 

Using Tboralon® as the polymer and DMAC as the lumenal layer solvent, the 
15 c6ii4)08ition can indude the previously described polymec/solvent weig^ ratios. 

In one embodinient viiiere the inaiuirel is inmien^ 

polymer can be about 14% by weight of the total wmglit of tiie composition. 

Porosity can be introduced by adding water-soluble particles, such as salt, 

to the composition before the composition is appUed to the mandrel Inone 
20 mbodiment, the particles can be mixed into the composition with a spinning 

blade mixer for about an hour under amtnoit pressure and in a temperature range 

ofaboutl8''Ctoabout27''C The particles can then be extracted by soaking the 

dried layer in distilled water and dissolving the particles, leaving pores behind. 
The resulting void-to-volume can be substantially equal to the ratio of salt volume 
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to the volume of&epolym^ plus Ifae salt The resulting poie diameter can also 
be substantiaUy equal to the diameter ofthe salt grains. Extraction can occur 
Ifarougli a variety of methods known to fliose k 

including soaking in substantially still distilled water at about 60'' C for about one 

5 hour while on a mandrel, and soakmg in substantially still distilled water at about 
60* C for about one hour while off the mandrel Extraction can occur once all flie 

layers have been applied to the stent 10. TbecomixmtiDn canhfmd m 

salt of about 10 to about 20 times, for exanqple about 14 times» the amount of 

polymer by wdgjbt 

10 hi one onbodiment, the mandrel can be immersed in flie con^iosition at a 

speed of about 70 cm/min (3 0 LtL/knin) through a die (having, fixr example, a 
diameter ofabout 6.76 mm (0.266 in.)). Subsequent to tibe application of the 
conq)osition, die solvent can be removed or allowed to evaporate to form a film 
layer ofthe polymer on the mandrel Evaporation can be induced by application 

15 of heat treatment, for example, about S minutes to about 24 hours in an oven at a 

tcnqperature of about 25" etc about 80* C. For example, heat treatment can be 

conducted at about 60''C for aboiit 20 ininutes at ambient pressure. Ahematively, 

vacuum conditions can be enq>loyed. Ihe process of qyplication of tfie 
composition and removal of the solvent can be repeated to form the porous 
20 lumenal layer 32 of any suitable thickness. 
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POROUS OUTER LAYER 

In embodiments with a porous outer layer 30» a composition can be 
qypUed to the polymer lay^ 13 for fonning of the pon>usout»kyCT Hie 
solvent used witii the composition can be capable of wetting the polymer layer 1 3 
5 to aid bonding oftibe two layers. Hie ratio ofpolymer to solvent fiir the 

conq>osition can be the same as the previous ratios, hi one embodiment ^ere the 
mandrel is immersed in the compontion, the polymer can be about 10% by wei^ 
oflhe total weig^ of the composttion. ^ , 

Hie composition can also include particles to form pores. Tbe 
1 0 conqxiation can have an amount of salt about 1 to about 1 0 times» for exanqde 
about 6 tinies, the amount of polymer by wdghL 

In ooe embodiment die inandrd can be inmiersed in ^ ccM^ 
speed of about 70 cm/min (30 iaAnin) throu^ a die 0iaviii& fixr esmnple, a 
diameter of about 724 mm (0.28S in.)). Subsequent to the application of the 
is cooqxi^on, the solvent can be removed or aUowed to e^^^ 

porous outer layer 30. Theprocessof application of the conqx>aition and removal 
of the solvent can be repeated to form the porous outer Isyex 3 0 of any suitable 
thidmess. 

20 STENT Wrm POLYMER RINGS OR POLYMER CONNECTORS 

To manufacture an embodiment of flie stent 1 0 having the polymer rings 
48 or the polymer connectors 58, the polymer rings 48 or the polymer connectors 
58 can first be cast or otfierwise formed by techniques known to one having 
ordinary skill in tiie art The structural rings 12 can then be press fit into tbe 
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moundng sockets 56. An adhesive can also be q;)pUed^wfaeretihiestnict^ 
12 contact tiie polymer rings 48 or the polymer connectoxs S8. 

The stent 10 having the polymer tings 48 or the polymer connectors 58 can 
also be manu&ctured directly onto the mandrel 66. Figures lOa-lOc illustrate a 

S method for manufiKrturingIhe stent 10 1^ An equivalent 

metfiod can be used for forming the connectors 58. First^aconqposilionforlhe 
polymer rings 48 can be prqiared constitutmg at least one of the aforementioned 
polymers dissolved in a solvenL In one embodimral,^ : 
appUed to ^ niandrel 66 by a syringe to fonn a desired nimi^ 

10 The syringe can have, for example, a 20 gauge needle Up for controlling the 
qyplicationof1faecon90siti<»L The solvent can flien be lemovedfiom foe 
composition. 

Following the fomoation of the band layeos 68^ foe.ain»^^ rings 12 can 
foen be placed on the roandrel 66 such that a section of the structurd ru^ 
15 overlaps and is positioned over on the band layras 68, as illustrated in Figure 10b. 
The composition is foen qjpUed by the syringe to complete the pol 
as illustrated in Figure 10c. 

METHOD OF USING 

20 Figures lla-llciUustrate a method of using one embodiment of the stent 

10. Figure 11a iUustrates foe stent 10 after having been radiaUy compress 
loaded onto a deliv^ device 70, for example a cafoeter, and foen positioned in a 
blood vessel 72 at the desued deployment location, for example near an mtimal 
flap 74 or afoerosclototic plaque 76. As illustrated in Figure 1 lb, foe delivery 

25 device 70 can then release foe self-expandable end sections 14. Iheself- 
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expandable end sections 14 tiien segment the space betwem the stent 10 and the 
blood vessel i^fix)m the lestoflfae blood vessel 72 in 01^ In 
embodiments \^ere flie stent 1 0 is covered by the porous outer layer 30, tibe 
porous lumenal layer 32, or has the polymer layer 1 3 , tiie space between the stent 
S 10 and flie blood vessel ¥^ can be substandaDy isolated fii^ The 
self-expandable end sections 14 can also minimize migration of the stent 10 

Hitnn g dflplnymgnt by iwidwiring the gtent 1 0 against the blood vessel wall at the 

beginning of flie deploymraxt process. A dilatation device can tihen i^iaUy :t^:rr^r\ 
esqiand the balloon expandable middle section 16, pressing and holding any 

10 .obstructions agamstttewaU of the blood vessd and peifi^^ 
remodeling as necessary, as illustrated in Figure 11c. 

The structure of the stent 10 andflie ooniMniation of balloon eiqwrndable ; 
and self-esqMmdable structural rings 12 can be selected based.on the mtended ; 
location bftibe stent 10 within &6 body. Forexample, when the stent 10 is 

IS* infefkkd for wim^ ^yr n«iimva«cMlar use, the stent 10 can have flie structure 
illustrated in Figure 8 and can be made from all balloon raqpandable structural 
nn g^ 12 so as to farilitfttf^ the connection of side brandies of the blood vessel 72 
to the stent 10 by methods known to one haviiigordmarysldn in ft^ As 
another example, in order to minimize tiie effects of the stent 10 being crushed by 

20 external forces vAea tiie stent 1 0 is mtended for peripheral vessel use, the stent 1 0 
can have the structure illustrated in Figure S and can be made fiom all self-* 
expandable structural rings 12. In yet anotii^ example, when tiie stent 10 is 
intended for sqdienous vdn graft use, tiie stent 1 0 can have ttie structure 
illustrated in Figure S and can be made from self-expandable and balloon 
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e}qpaiidable structural rings 12 in tibe configuration of self-e)q)andable and self* 
^qiandable structural rings 12 illustrated in Figure 2a. 

Althou^ the invention has been disclosed in terms of particular 
mbodiments and applications, one of ordinary skill in flie art, in light of this 

5 t^rl h^^ Ct can gcnmite additional embodiments and modifications widiout 

dq>art3ng from the spirit ofor exceeding flie scope oftheclaim!ed invention. For 
^iiinp Ti%^ tfift pftlymer rin g ^ AR and the polymer connectors 58 canbeused with 
the zig-zag-shq)ed structural lings 12. Sunilady, the polymer layer 13 can be 
used widbtOe multiple diamond-shqiedst^ Accordmgly^itistobe 

10 ^md^yg**^ tfie Aiwitigi and deacrqitiona herein are proffered by way of 
exanq>le to fiudlitate cominrehension of the invention and should not be construed 
to limit the scope thereof 
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CLAIMS 

What is claimed is: 

1. A stent, comprising a £u:st member having apioximal section, a second 
member having a distd section, and a comiector joining the proximal 
S ttie first mmber to the distal section of the second member, Ae connector being 
made fixmi a material comprising a polymer, ^wherrin die connector flexibfy joins 
due first member to tbie second member, and \vherein the £n:st n^^ 
eiqmndable and die second member is capeble of ejqmnding with tfie qiptticiation 
of an external force. 
10 2. Ilie stent of Claim l,vdMsrein die first member and die 

comprise a diamond shqie and axe positioned next to each other along a 
longitudinal axis of the stenL 

3 . The stent of Claim 1 , i^berdn die first member and the second memba 
comprise ^g-zag-shqied annular bands. 

IS 4. The stent of Claim l,v^erem the cmmectorconq>rises a ring^^^ 

stractore, fiie ring-shq)ed structure connected to die proximal section of die first 
member at a first end of the ring-shq)ed structure and to the distal section 
second member at a second eod of the ring-shaped structure. 
5. The st^ of Claim 1, wherein 

20 the first member conqmses a set of diamond-shiqped stmts connected to 

fomi a gwerally cylindrical stnicture, the proximal section of the first member 
defined by at least one comer of at least one of the diamond-shfqped struts; and 

the second mraiber comprises a set of diamond shaped struts connected to 
form a generally cylindrical structure, the distal section of the second member 

25 being defined by at least one comer of at least one of the diamond-shqped struts. 
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6. The Stent of Claim 5, iwfaerein flie coimector is defined by a ring-shaped 
structme, the ring-shaped structure connected to the at least one comer of the first 
meniber at a first end of the xing-diaped structure and to 
the second member at a second end of ttie ring-shaped structure. 
S 7. Tbe stmt of Claim Syiwfaerdntibe connects is defined by a pi 

joint dements such that a comer of the fiurst member is connected to an adj aceot 
comer of the second member by one of the jouit elements. 
8. The stent of Claim 7» vAma the joint elonenls have a generally box- 
stuqped structure. 

10 9. An implantable prosthesis, comprising a po^mcric layer contaimng a first 
ring member and a second ring member^ the first ring mmber positioned at a 
distance away fit>m flie seccmd ring member, ^erdn the first ring member is. self- 
esqpandable and die second ring meoiber expands 
external force. . 

15 10. The insplantableprosOiesisofClaim 9, wherein the first ri^ 
positioned at a first end of the iinplantd>le prostheas and &e second 
is positioned between the first end and a second end of the implantable prosthesis. 

1 1 . The implantable prosthesis of Claim 1 0, additionally con^irising ai self- 
expandable third ring member, wherein the tfiird ring member is positioned at flie 

20 second end of tibe implantable prosthesis. 

12. The hnplantahle prosdiesis of Claim 9, ^erem tihie polymeric layer has a 
yoid-to-volimie ratio of less than about 5%. 

13. The inq>lantable prosthesis of Claim 9, additionally comprising a Imninal 
layer disposed on the inner surfiu:e of the polymeric layer, the luminal layer 

25 having a void-to-volnme ratio of about 40% to about 90%. 
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14. The implantable prosthesis of Claim 9, additionally comprising an outer 
layer disposed on the outer surface of the polymeric layer, the outer layer having a 
void-to-volume ratio of about 40% to about 90%. 

15. The implantable prosthesis of Claim 9, herein the polymeric layer 

S compasGS a first sub-layer and a second sub-layer attadied to the first sub-layer» 
vvfaeatdntfie first and second ring members are between the first ai^ 

1 6. Tbe inq>lantBble prosdiesis of Claim 9» vidieran the second nqg member is 
positioned at an end of tiie implantable prosthesis arid tite first r^ 

10 pomtioMd about a middle of the implantable prosthesis, 

1 7. The implantable prosthesis of Claun 9» wfaetein tibe first and second ring 
members con^xrise zig-zag-shq>ed aimular bands. 

18. The inq>lantBbte prosdiesis of Qaim 9, 
members comprise diamond-shq)ed struts. 

IS 19. Astentconq)rising: 

a first wire stnit having a shq» defined by a first bend section a^ 
second bend section; 

a first connector coimected to the first bood section of tiie first vra^ 

and 

20 a second connector connected to the second head section of the first wire 

stnit vrfierein a section of the first wire strut between tibte first b^ 
second bend section is naked of the first connector and tiie second connector. 
20. Hie stent of Claim 19, iT^dbeieinthe first coimector has aring stnicture such 
that a first side of tfie ring structure is connected to the first bend section of the 

2S fiistwirestruL 
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2L The Stent of Claim 19, further comprisiiig a second wire strut having a first 
bend section connected to the first connector. 

22. The stent of Claim 2 1 , iwfaerein the first conaector has a ring structure such 
fliat a first side of the ring structure is coimected to the first bend section of the 

5 first wire strut and an opposite side of tihe ring structure is connected to the first 
bend section of tiie second wire strut 

23. The stent ofClaim 21, wfaemn the first wire stnit is self*^3^^ 

the second strut is capable of cxpaoding with die application ofmex!^^ fince. 

24. A method ofmanufiurtunng a stent, comprising: 

10 ' , ionnuig a band made fix>m a material comprising a poly^ 

portioning an end of a first member on a first end of die band; 
positioning an end of a second member on a second end of the b^^ 
increasing tiie ttudmess of the band to encapsulate the end of 
member and tiie end of the second member to flexibly connect tiie first m«nber to 

IS tiie second memb^. 

25. The mediod of Claun 24, i^dieiein the first menober has a eqtandable 
tubular body and tiie second member has a tubular body that is capable of 
expanding witii the qpplication of an external fi>rce. 
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FIG. 3a 


FIG. 3b 


FIG. 3c 
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FIG. 10c 
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FIG. 11c 
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